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Summary 
Oil mallees are being planted on WA wheatbelt farms with the expectation that they 
will reduce land salination by lowering watertables as well as providing income from 
combinations of eucalyptus oil distillation, power generation, activated carbon 
production and carbon sequestration in the future. 
This report details the drill completion and hydrological interpretation of a site at 
Goodlands (near Kalannie) that had been instrumented in order to study the effect of 
an extensive planting (in 1995) of oil mallees on groundwater conditions and land 
salinity.  Much of the farm (approximately 18,000 ha) has been planted to mallees 
(one million trees) in an alley layout occupying about 350 ha.  In this study, a hill 
slope planted to oil mallees in two-row belts spaced at 100 m intervals was selected 
for intensive hydrogeological investigation and instrumentation for ongoing 
groundwater monitoring.  This report details the results of a deep drilling program, 
soil and water analysis, ground-based geophysical mapping comprising EM38, EM31 
and radiometrics, and associated analysis and groundwater modelling. 
The study site is located within a small lakeside subcatchment of Lake Moore, a large 
(approximately 160 km2), internally drained primary salt lake.  Soils are 
predominantly the typical acid yellow sandplain soils of the north-eastern wheatbelt, 
formed from remnants of the Tertiary aeolian sand sheet and represent types that are 
the focus of the oil mallee industry in this area. 
Preliminary results indicate that: 
• Groundwater level rise and is likely to continue without an altered water use 
regime or a persistent reduction in long-term average rainfall.   
• The existing oil mallee configuration needs to prevent all recharge and use 
more than an additional 100 mm of groundwater from a 20 m wide strip beneath 
the alleys to hold groundwater at its current level.   
• More than 200 mm of groundwater use is required to lower the watertable 
appreciably and reduce the amount of land affected by shallow groundwater.  
This usage may be possible given the moderate salinities of the deep 
groundwater; however it is unlikely given the prevalent silcrete layer which acts 
as a physical barrier to root exploration much deeper than 6 m. 
• As the groundwater gradients at this site are very low, almost total elimination of 
recharge and/or substantial groundwater use is required in the subcatchment to 
significantly change this long-term prognosis. 
• Permanent perched systems offer an additional small water source for the 
mallees; however, they are likely to be of small capacity, topped up by annual 
recharge, and located in pockets where the silcrete is less leaky or in lower 
slope accumulation areas.  Flowtube modelling indicates that long-term annual 
capacity of these perched systems is likely to be in the order of only 4 mm. 
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1. Introduction 
Oil mallees are being planted on wheatbelt farms with the expectation that they will 
reduce land salination by lowering watertables as well as providing income from 
combinations of eucalyptus oil distillation, power generation, activated carbon 
production and carbon sequestration in the future. 
The Department of Agriculture commenced a groundwater study in May 2003 on a 
hill slope that contains a series of oil mallee alleys on Mooredale, the property of Ian 
and Robyn Stanley, Kalannie.  This is part of a larger RIRDC-funded project 
Hydrological impacts and productivity interactions of integrated oil-mallee farming 
systems and is one of four sites in the agricultural area of WA (at Esperance, 
Tincurrin, Goodlands and Marchagee) to be studied intensively as part of this project. 
The groundwater study consisted of a drilling program, establishment of a piezometer 
network, ground-based geophysics surveying, silcrete hardpan investigation and 
preliminary groundwater modelling using Flowtube.  This report documents the 
background for the site; the baseline results from hydrogeological investigations and 
presents the outcomes from the preliminary modelling of groundwater levels as they 
may be affected in the future by the oil mallees. 
The study site 
The study site is located on a hill slope on Ninghan Location 3308, on the south of 
Lehmann Road approximately 17 km east-south-east of the Goodlands siding, and 
25 km north-east of Kalannie townsite.  Clearing began in 1954 in the lower slope red 
soil flats and progressed to the mid-slopes by 1962.  The whole location was 
completely cleared by the mid-1970s, although clearing of surrounding locations 
(north and east) was not complete until the mid-1980s.  The Stanleys purchased the 
land in 1994 and run a cropping (with minor sheep grazing) enterprise on the 
Mooredale property.  Salinity had already developed in the valley flats of the farm at 
this stage.  They report that the affected area has expanded slowly and now extends 
upslope of a small remnant lake in the mid-slopes adjacent to the study site 
(Figure 1).  Additionally they report that waterlogging occurred sporadically in the 
mid-slopes of the study area in the 1990s following wetter than average seasons. 
In 1990, the late Don Stanley commenced a program of oil mallee plantings in 
conjunction with the Oil Mallee Company on the Stanley farms.  Ian Stanley and 
family have continued this program and currently have in excess of one million 
mallees planted in alley configurations over much of the total area (18,000 ha) of their 
farming operation.  This includes plantings undertaken privately and in association 
with the Oil Mallee Company and Kansai, a Japanese company with strong interest in 
oil mallees for carbon sequestration.  Some mallees have been harvested, with the 
oil distilled and sold mainly for the essential oil market in conjunction with the 
Kalannie Distillers, a local company which has also designed and built harvesting and 
oil extraction equipment. 
The predominant planting layout on the Stanley farms is belts, often planted on the 
contour, mainly two rows spaced 2 m apart, about every 100 m across the full 
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landscape.  At the study site (see Figure 1) the layout is two-row belts spaced at 
100 m centres in straight lines 5 km long and oriented north-south to cover almost the 
full catena.  This layout has proven practical in terms of crop sowing and harvesting 
operations that use very large and wide equipment.  The trees were planted in 1995 
and established well, but there are some areas (such as south of piezometer site 
03IS03, Figure 1) where the trees suffered a catastrophic growth setback in 2002.  
Symptoms were almost complete death of the branches (although the lignotubers re-
sprouted in 2004) and appeared to be the result of severe drought stress.  This was 
despite reasonable quality groundwater (1,132 mS/m) within 4 m of the surface 
(below the top of the underlying silcrete layer). 
Catchment setting 
The study site is within a small lakeside sub-catchment of Lake Moore which is 
located about 3 km to the south-east.  Lake Moore is a large (about 160 km2), 
internally drained primary salt lake.  The catchment divide for the larger Yarra Yarra 
primary salt lake system is a few kilometres west of the study area. 
Soils of the Goodlands area predominantly fall within the acid yellow/yellow sandy 
earth and ironstone gravelly soil supergroups, with some red loamy earths 
(Schoknecht 2002).  Most of the study site is located within the Koorda Subsystem, 
which is characterised by gently undulating rises with minor channels or small 
valleys.  Three quarters of this subsystem is comprised of sandy earths on gentle 
slopes, with 15 per cent being ironstone gravels.  The lower part of the study site that 
adjoins Lake Moore lies within the Kununoppin Subsystem, characterised by gently 
undulating plains that form part of the main valleys fringing salt lakes (Grealish & 
Wagnon 1995).  Three quarters of this subsystem consists of calcareous earths on 
flats that have a high salt risk. 
Beard (1980) defined the vegetation of the area as the Jibberding System.  Prior to 
clearing, this system was typified by acacia and casuarina scrub thickets on yellow 
sandplain and gravel soils on the upper slopes.  Eucalyptus loxophleba woodland 
would have dominated the red loams of the lower slopes together with halophytes on 
the saline valley soils. 
The average gradient of the study area from hillcrest to the salt lake is 0.67 per cent. 
The steepest section, in the upper slopes, has a gradient of 1.3 per cent. 
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Figure 1:  Layout of the Goodlands oil mallee study site 
Small Lake 
Lake Moore 3 km 
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1.3 Hydrogeological setting 
Published hydrogeological information that relates to the Goodlands-Kalannie area is 
sparse.  Blight et al. (1984) described the surficial geology as being predominantly 
Tertiary yellow sand, occurring as remnants of the Tertiary sand sheet with Tertiary 
laterite and silcrete outcrop, and mixed alluvium infill in the broad valleys.  Underlying 
these sediments they mapped Archaean granitoid assemblages and described 
nearby outcrops as being biotite, adamellite and granite.  These outcrops are typical 
of the Yilgarn Craton, a large and stable Archaean (mainly granitoid/gneissic) section 
of continental crust that underlies most of the south-west of WA.  It is intruded by 
numerous Proterozoic dolerite dykes that dominantly trend north-north-west in the 
catchment. 
The regolith is formed from in situ weathering of the granitoid basement and 
comprised of gritty clay saprolite that is typically 30 m thick but can be up to 50 m.  
Tertiary and alluvial remnants occur on hill slopes covering the saprolite and are 
usually less than 6 m thick. 
The study site is about 10 km south-east of the Perenjori 1:250,000 hydrogeology 
sheet (Commander & McGowan 1991).  The predominant geology in the area is 
granite and gneiss bedrock with no primary porosity or permeability.  Groundwater 
yields are usually very low and dependent on bedrock lithology, fracturing, 
weathering and local recharge conditions.  Groundwater salinities are usually greater 
than 5,000 mg/L (900 mS/m), and more than 20,000 mg/L (3,600 mS/m) near large 
valleys and/or salt lake chains.  The aeolian sand areas (such as yellow sandplain) 
can contain unconfined shallow perched, fresh (<181 mS/m), thin aquifers, however 
these are unreliable and low yielding (<20 m3/d).  The dominant deep groundwater 
flow systems are local and intermediate. 
1.4 Climate 
The climate is warm temperate to semi-arid with dominant winter rainfall and hot dry 
summers.  Long-term average annual rainfall is approximately 315 mm with about 70 
per cent falling from April to October.  Average monthly minimum and maximum 
temperatures at Kalannie are 18 and 35oC in summer and 5 and 16oC respectively in 
winter.  Average annual evaporation is about 2380 mm.  Average monthly patterns of 
rainfall, evaporation and temperature are shown in Figure 2 (Department of Natural 
Resources and Mines 2004).  Speed and Strelein (2004) reported that summer and 
autumn rainfall events are sporadic but significant, often accounting for the highest 
daily rainfall totals.  For example, they reported that the Wubin Post Office rain 
gauge, located approximately 40 km north-west of the study site, recorded 136 mm of 
rain on 14 April 1961.  These storms can cause significant infrastructure, stock and 
crop loss and widespread erosion, as well as large pulses of episodic recharge into 
groundwater systems (Lewis 2000). 
Foster (2002) predicted that Western Australia would become warmer and drier.  
Daily maximum and minimum temperatures would be most affected in spring and 
least in winter, with average annual temperatures predicted to rise by up to 2°C by 
2030 and 6°C by 2070.  This effect will be most noticed in inland areas of the 
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agricultural zone with rainfall predicted to decline during autumn, winter and spring by 
20 per cent with an accompanying increase in evaporation. 
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Figure 2: Mean annual cycle of evaporation, temperature and rainfall at the 
Goodlands oil mallee study site 
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2. Hydrogeological investigation 
The hydrogeological investigation consisted of a review of previous drilling in the 
area, aerial photo interpretation, drilling program, ground-based geophysics surveys 
and groundwater monitoring.  The aim of the drilling program was to: 
• provide a detailed transect through the main oil mallee planting to define 
watertable gradients, salinities, soil profiles, hydraulic properties and bedrock 
depths to enable Flowtube modelling 
• provide a representative network of bores to enable monitoring of the impact of 
the oil mallees over coming years 
• determine if a regional groundwater system was present and characterise what 
impacts (if any) this might be having on the study area 
• describe the hydrogeological characteristics of the site 
• determine the extent, nature and hydrological influence of silcrete hardpan layers 
which are common in the area. 
Additional detailed investigation of the silcrete layer by excavation of tracer dye and 
geophysical techniques was undertaken and is contained in a separate report 
(Bennett et al., in prep). 
The aim of the geophysics survey was to: 
• use an EM38 to define the current extent of salinity affected land so that any 
future changes could be quantified 
• use an EM31 to define areas that have salinity at depth and therefore may be at 
future risk 
• use a magnetometer to determine the presence of any large basement rock 
structural features that may influence the hydrology 
• use radiometrics to accurately define soil type boundaries. 
2.1 Previous investigations 
Berliat undertook a drilling program around Kalannie in search of groundwater 
supplies in 1960.  Of 77 bores drilled, 66 were unsuccessful because of salinity, 
bedrock or low yield.  He reported that depth to granite basement (as inferred from 
depth drilled) ranged from 8 to 181 feet (about 3-60 m), supply ranged from 1 to 
10,000 gallons per day (about 0.004-40 m3/day) and salinity from 98 to 3,000 grains 
per gallon (300-9,000 mS/m).  He concluded that the bulk of the groundwater was 
highly saline and that “useful accumulations were few and scattered.”  In all of the 
bores, yields came from near the bottom of the hole, presumably from the saprock 
grits near the basement.  Unfortunately Berliat did not report standing water levels, 
however he reported that in most cases the water was “cut” within a few feet of the 
bottom of the hole, up to a maximum of 30 feet (about 10 m) in one hole.  The 
shallowest depth to where water was cut was 32 feet, with most being within 70 to 
152 feet (about 23-50 m) from the surface.  He also concluded that “in the Kalannie 
district there was little or no topographical control of salinity and that the underground 
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drainage was controlled by a highly irregular granitic surface.”  These findings may 
indicate that watertables were generally close to the basement at that time, when 
most of the landscape had not been cleared or was recently cleared. 
Data showing long-term groundwater trends in the region are scarce, however Speed 
and Strelein (2004) presented hydrographs of bores near Carnamah (100 km north-
west of our study area) showing results of over 10 years of regular monitoring.  The 
watertables there had a general average rising trend of about 0.1 m/yr in the mid- 
and upper slopes, while lower slope bores where the watertable was close to the 
surface had seasonal fluctuations but no net trend.  Overprinting these general 
trends was evidence of large episodic watertable response to a wet period in 1999.  
This was followed by a dry period from 2000 to 2003 during which the watertable 
declined in lower slopes, but remained static in upper slope locations.  They 
concluded that the catchment was not in hydrological equilibrium. 
Speed (pers comm.) has undertaken extensive groundwater monitoring at 18 sites in 
the Goodlands area since 1996, including nine sites on location 3338 (also owned by 
I & S Stanley), positioned along a full catena that had been partially planted to oil 
mallee alleys in 1995.  The results of this monitoring at selected upper, mid and lower 
slope locations are shown in Figure 3 (GD1OB, GD6D and GD9D respectively).  It 
shows a similar pattern to that reported for Carnamah, with episodic response to the 
wet 1999 period, general rising trend in the mid- and upper slopes and no net trend in 
lower slopes where groundwaters are near the surface. 
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Figure 3:  Groundwater trends on a hillside at Goodlands, near the study site 
Bore GD1OB shows a sustained rate of rise that averaged 0.35 m/yr, with an 
increased rate between 1999 and 2001 following the wet period.  Bore GD6D, which 
is situated in the mid-slope (but at the bottom of the small upland subcatchment that 
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was planted with oil mallee contour belts at spacings from 50 to 100 m) had an 
average rate of rise of 0.3 m/yr during the eight year monitoring period.  Within this 
overall trend there are three periods with different groundwater trends.  From 1996 to 
1999 the rate of rise was 0.15 m/yr, then a period of relatively rapid increase of  
1.7 m/yr until September 2000 (due to above-average rainfall in 1999) followed by a 
period of stable or slightly declining watertables. 
During the drilling program Speed also encountered silcrete at nearly all 18 locations 
drilled.  Additional bores were installed to the top of the silcrete to monitor the 
perched systems that can develop in these areas.  Figure 4 shows a typical response 
of the perched watertables in bore GD3OB, located in the upper slope and installed 
to the top of the silcrete layer.  The aquifer is thin, only about 0.8 m thick and 
therefore of small capacity.  It is highly responsive to large episodic rainfall events but 
then decays rapidly without additional recharge.  For example, following the rainfall 
event in 2000, it had dried completely within one year probably because of leakage 
through the silcrete in to the deeper system below (GD3D), which responds more 
slowly.  Additionally, the oil mallees may have also transpired some of the perched 
water at this location; however Speed (pers comm.) also reports similar decays, 
presumably because of leakage, at several other sites which do not have oil mallees. 
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Figure 4: Typical perched groundwater system response above silcrete in the north-
eastern wheatbelt 
Speed (pers comm.) suggests that similar responses for perched aquifers overlying 
silcrete are very common in the north-eastern wheatbelt.  Some examples exhibit 
larger amplitudes of response (up to 1.5 m) where there is a larger proportion of 
silcrete/ferricrete fragment in the aquifer, which reduces the storage capacity.  Some 
sites, generally lower in the landscape and close to the confluence of perched 
systems (such as near sandplain seeps; George 1992), can exhibit more extended 
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perching.  However the volume of water stored is usually small, which George (1992) 
calculated to be 3-7 mm sustained on an annual basis, with the remainder leaking 
into the deep groundwater system. 
2.2 Drilling methods 
The Department of Agriculture’s drilling rig was used to install the piezometers at the 
six chosen sites (Figure 1).  Sites were drilled using the rotary airblast technique with 
a 4¾ inch (approximately 119 mm) diameter bit.  The silcrete encountered was very 
hard, requiring a “rock roller” bit to be used over some intervals at some locations.  
All piezometers were constructed with 50 mm-diameter class 9 PVC casing.  
Screened sections were backfilled with 8-16 graded sand and the annulus was 
sealed with bentonite pellets and drill cuttings.  Where piezometer nests (multiple 
piezometers at one site) were drilled, the shallowest bore was also constructed as a 
piezometer and sealed with bentonite to prevent tree roots from invading the annulus 
and blocking the screen section.  These bores will still provide an effective measure 
of watertable behaviour because of their shallow depth. 
An additional site (03GD19) was drilled on nearby location 3336 (planted to oil 
mallees in 1995) to complement the previous drilling and monitoring program 
undertaken since 1996 by Russell Speed. 
2.3 Drill sample analyses methods 
For each bore, one bulk soil sample was taken at every metre and subsequently 
dried, sieved and sub-sampled.  Each sample was analysed by the Chemistry Centre 
of WA for EC1:5, pH and chloride percentage.  EM39 and natural Gamma down hole 
logs were obtained using a Geonics EM39/Gamma instrument. 
2.4 Groundwater monitoring and sample analyses methods 
The piezometers were developed using air purging.  Groundwater levels were 
measured and samples taken for EC analysis one month after drilling.  Quarterly 
manual monitoring of groundwater levels will be continued for at least the next five 
years.  STS® automatic water level recorders (Automated Control Engineering 
Group) were installed at six key sites.  Monitoring data are stored on the Department 
of Agriculture’s AgBores database. 
2.5 Hydraulic conductivity measurements 
Saturated hydraulic conductivity (Ksat) measurements were conducted on all of the 
bores that had fully wetted screen sections using the slug subtraction method 
(Bouwer & Rice 1976).  These were undertaken after the bores had been thoroughly 
developed using air purging.  Water level responses were measured using an STS 
pressure transducer/data logger installed at the bottom of the well prior to slug 
subtraction and set to record at one second intervals during the test. 
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2.6 Surveying 
Locations (easting and northing) and elevations of piezometers were surveyed by 
HTD Surveyors and Planners, of Geraldton using a differential global positioning 
system (DGPS) survey method. 
2.7 Geophysics 
The Geoforce geophysics company surveyed the area totalling approximately 90 line 
kilometres of survey over 400 ha. Geonics EM38 and EM31 instruments were towed 
in sleds by a quad-bike fitted with a DGPS, a Geometrics magnetometer and a 
GR320 spectrometer (8 L NaI crystal pack).  Survey lines were mainly oriented north-
south at 50 m spacings, with magnetometer readings taken at approximately 1 m 
spacing, and electromagnetic and radiometric readings recorded approximately every 
4 m. 
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4. Conclusions 
This site is well suited for an intensive study of the impacts that integrated oil mallee 
plantings have on groundwater at the subcatchment scale.  The absence of saline 
soils and shallow saline watertables over most of the study transect mean that the 
trees should grow well in the absence of salinity effects.  The acidic deep sandplain 
soils which cover much of the area represent soil types that are the focus of the oil 
mallee industry in the north-eastern wheatbelt.  The presence of silcrete underlying 
these soils is also very common.  The silcrete may limit soil depth and volume 
available for exploitation by the mallees as it is unlikely that roots will be able to 
penetrate to explore the deeper moisture reserves or the deep groundwater system. 
Flowtube modelling of the site shows that continued watertable rise and soil salinity 
development is likely without an altered water use regime or persistent reduction in 
long-term average rainfall.  The current oil mallee configuration would need to 
prevent all recharge and use more than an additional 100 mm of groundwater from a 
strip 20 m wide beneath the planted alleys to keep watertables at their current level.  
More than 200 mm of groundwater use is required to lower the watertable 
appreciably and reduce the amount of land affected by shallow watertables.  While 
this may be theoretically possible given the moderate salinities of the deep 
groundwater; it is unlikely given the prevalent silcrete layer which acts as a physical 
barrier to root exploration much deeper than 6 m. 
The very low groundwater gradients at this site mean that almost total elimination of 
recharge and/or substantial groundwater use is required in the subcatchment to 
significantly change the long-term prognosis. 
The perched groundwater systems currently present offer an additional small water 
source for the trees.  While these perched systems may develop substantial storages 
following large episodic rainfall events, they leak away quite readily through the 
silcrete within 6-12 months.  The ‘permanent’ perched systems are of much smaller 
capacity, topped up by annual recharge and located in patches or pockets where the 
silcrete is less leaky or in lower slope accumulation areas.  Flowtube modelling of 
these systems indicates that the long-term annual capacity of these perched systems 
is small, in the order of only 4 mm.  The presence, depth and extent of silcrete are 
important factors for the oil mallee industry to consider in the region. 
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6. Appendices 
6.1 Field drill logs 
 
Site Details 
Date:  5/5/03 Landform/Unit: Hillcrest 
Year Cleared: 1970s Catchment/Project/Owner :  Ian Stanley Long alleys 
Location Number: Ninghan 3304 
Local Bore #:  03IS01D GDA94 Northing (m): 6663494.05 
W+R Bore #: GDA94 Easting (m): 535396.70 
Driller: Don Bennett, Adrian Goodreid, Russell Speed AHD (m): 346.95 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown loamy sand.  
0.3 Yellow/orange sandy earth with some minor ironstone nodules 
– getting redder with depth. 
Tertiary Sandplain 
4.2 Mottled deep red/brown sandy clay, dry and returning as chips, 
contains small iron pisoliths. 
 
6.2 Lots of ironstone now – in a yellow sandy earth. Ferricrete 
6.9 Very hard silcrete. Silcrete 
8.1 Indurated white clay – returns as small chips with small (<4 
mm) sharp quartz.  Has fabric – pallid zone. 
Silicified weathered 
saprolite 
10.5 As above but softer and finer. Weathered granitic 
saprolite 
11.0 Medium sharp quartz in a light brown clay matrix.  
13.2 Went dark red & fine, minor v fine quartz grains, moist.  
14.2 Back into light brown quartzy clay.  
15.1 Getting “crunchy” – lots of small quartz, some grains to 10 mm 
& some soft feldspar. Olive hue at 17-18 m.  
 
19.1 Very crunchy – chips of poorly weathered granitoid gneiss 
returned – micas, quartz & hard feldspars. 
 
22.2 Very hard basement – drill refusal. Fresh granitoid 
gneiss 
 (Collar to 7.0 m)  
Bore Completion Details 
Depth Drilled (m):  22.2 Water/Foam/Detergent Injected (m):  Nil 
Casing Total Length (m):  22.92 Est. Watertable during drilling (m):  ? 
A.G.L.(m):  0.8 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m):  2 Estimated Yield: 
Material Screened:  Saprock S.W.L. at Completion (m):                               
Drill Method/Bit Size (Diam. mm):  4 3/4 RAB EC (mS/m): 2060 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): 21.40 on 28/5/03 
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Site Details 
Date:  6/5/03 Landform/Unit: Mid-slope 
Year Cleared : 1970s Catchment/Project/Owner : Ian Stanley, Long Alleys 
Location Number : Ninghan 3304 
Local Bore #: 03IS02D + OB GDA94 Northing (m): 6662627.55 
W+R Bore #: GDA94 Easting (m): 535392.55 
Driller: Don Bennett, Russell Speed, Adrian Goodreid AHD (m): 322.41 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown/yellow sandy loam.  
0.3 Yellow sandy earth, getting slightly redder with depth & 
moist. 
Tertiary Sandplain 
3.5 Quite moist now – not saturated.  
4.5 Lots of ironstone pisoliths in a sandy earth matrix.  Pisoliths 
are hollow. 
 
6.2 Hard indurated red ferricrete. Ferricrete 
6.5 Very hard silicified grey sand/clay with quartz – silcrete. Silcrete 
7.5 Softer now – dry & dusty, fully soft by 8 m.  
8.0 Quartz-rich (angular, sharp to 3 mm) grey fine clay, has 
fabric, pallid zone, dry & dusty. 
Silicified weathered 
saprolite 
10.0 High proportion of angular quartz grains to 6 mm, smokey, 
grey-coloured. Matrix is grey fine clay. 
Weathered granitic 
saprolite 
16.0 Quite moist now & darker grey.  
19.0 Light pink/grey, as above, turned brown at 22.0.  
23 Lost circulation – water on, contaminated with gravels from 
4.5 (3m samples). 
 
25 A bit “crunchy”, fresh felspars evident on chips of poorly 
weathered granitoid gneiss. 
 
27 Went quite olive coloured & very crunchy. Lots of fresh 
felspar, quartz & a dark mineral (horneblende?). 
 
31.2 Turned khaki brown – copious fresh micas/feldspars. Granitoid gneiss 
37 Return turned green – large ‘green’ hued granite chips, 
basement @37.7 
 
Bore Completion Details 
Depth Drilled (m): 37.7  (6.5) Water/Foam/Detergent Injected (m): 23 
Casing Total Length (m): 38.05  (7.28)  
A.G.L.(m): 0.4  (0.4) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2.0  (2.0) Estimated Yield: 
Material Screened: Saprock (sandy earth) S.W.L. at Completion (m):  30.0  
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 1245 (961) 
Casing Type & Diam. (mm):  50 mm CL9 PVC First SWL (m): 18.13 (6.46) on 28/5/03 
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Site Details 
Date: 7/5/03 Landform/Unit: Lower slope within 
stressed trees 
Catchment/Project/Owner: Ian Stanley, Long Alleys Year Cleared: 1962 
 Location Number: Ninghan 3304 
Local Bore #: 03IS03D + S + 0B GDA94 Northing (m): 6661693.28 
W+R Bore #: GDA94 Easting (m): 535288.59 
Driller: Russell Speed, Don Bennett, Adrian Goodreid  AHD (m): 319.11 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown/yellow sandy loam.  
0.2 Yellow sandy earth – moist. Tertiary Sandplain 
1.8 Ironstone pisoliths in a brown/yellow sand.  
2.2 Hard ferricrete. Ferricrete 
2.5 Grey & brown silicified gritty material – has darker brown 
layers – very hard. Darker brown layers have moisture. 
Silcrete 
4.0 Grey/pink & hard – dry & dusty.  
5.0 Softer layers.  
6.5 Pink angular quartz-rich sandy clay, softer with some 
indurated layers, dry and dusty. 
Silicified weathered 
saprolite 
7.0 As above, tan/brown – moist. Weathered granitic 
saprolite 
8.4 Olive/green colour – lots of small angular quartz grits.  
10 As above, but olive brown/red-brown layers.  
11.5 Clayey grit – micas, feldspars and sharp quartz. Making 
own water increasing with depth – injection water off. 
 
24.5 Crunching – large chips of poorly weathered granitoid 
gneiss. 
 
 Crunched through to 29 m, basement. Fresh granitoid gneiss 
Bore Completion Details 
Depth Drilled (m): 29  (4.0) (2.65) Water/Foam/Detergent Injected (m): 11-11.5 
Casing Total Length (m): 28.76  (4.75)  (3.45) Est. Watertable during drilling (m):  2.5 m 
A.G.L.(m): 0.8  (0.8)  (0.8) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2  (0.5)  (1.0) Estimated Yield:  4 L/sec. 
Material Screened:  Saprock  (Silcrete) (Gravel) S.W.L. at Completion (m):                                
Drill Method/Bit Size (Diam. mm):   4 ¾ EC (mS/m): 1132, (1929), (dry) 
Casing Type & Diam. (mm):  50 mm CL9 PVC First SWL (m): 4.45, (3.94), (dry) on 28/5/03 
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Site Details 
Date: 7/5/03 Landform/Unit:  Valley floor – poor trees 
Catchment/Project/Owner: Ian Stanley Long Alleys Year Cleared: 1962 
 Location Number: Ninghan 3304 
Local Bore #: 03IS04 D + OB GDA94 Northing (m): 6660843.56 
W+R Bore #: GDA94 Easting (m): 535382.28 
Driller: R Speed, D Bennett, A Goodreid AHD (m): 313.97 
Depth 
(m) 
Sample Description and Drilling Comments Geology  
0 Light brown gravelly loam. Tertiary sandplain 
0.4 Harder ironstone gravels. Ferricrete 
1.0 Hard ironstone & carbonate hard pan (bubbles with HCl). Carbonate 
1.5 Very hard light grey/pink silicified material – dry & dusty, has small 
round pisolites in it. (silica - doesn’t react with HCl).. 
Silcrete 
3.6 Very, very hard now – changed to rock roller. Sample chips now have 
sharp quartz grains and feldspars and fabric. All cemented together 
with silica. 
Silicified 
weathered 
saprolite 
4.5 Less dusty, some light green colour in some chips.  
4.8 Softer and harder layers  
6.1 Grey pallid zone material, a bit softer, however still very hard.  
6.8 Soft now – grey quartz-rich pallid zone clay. Weathered 
granitic saprolite 
8.0 Wet clay at the rod end – removed roller and changed to 4 1/2 blade 
bits. Lots of sharp, smoky quartz to 5 mm in a fine grey clay matrix. 
 
11 Sloppy white gritty clay – water injection  (3 m samples).  
15 Khaki coloured now.  
17 Own water now – 0.5 L/sec.  
25 A bit “crunchy” water up to 1 L/sec, large (10 mm) fresh feldspars  
28 Some brown colour – pieces of poorly weathered granitoid gneiss & 
brown hard clay. 
Fresh granitoid 
gneiss 
32 EOH – lost circulation and close to basement.  
Bore Completion Details 
Depth Drilled (m): 32  (2.0) Water/Foam/Detergent Injected (m): 11-17 
Casing Total Length (m): 31.78  (2.73) Est. Watertable during drilling (m):   
A.G.L.(m): 0.8  (0.80) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2  (1) Estimated Yield:  1 L/sec 
Material Screened:  Saprock (ferricrete). S.W.L. at Completion (m):  3.10 and rising 
Drill Method/Bit Size (Diam. mm):  4 1/2” RAB EC (mS/m): 921 (578) 
Casing Type & Diam. (mm):  50 mm CL9 PVC First SWL (m): 2.25, (2.18) on 28/5/03 
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Site Details 
Date: 8/5/03 Landform/Unit: 3rd row up. Good trees, 
Upper/mid-slope 
Catchment/Project/Owner: Ian Stanley  
                                           Contour Alleys 
Year cleared: 1970s  
 Location Number: Ninghan 3304 
Local Bore #: 03IS05 0B GDA94 Northing (m): 6663082.31 
W+R Bore #: GDA94 Easting (m): 535003.50 
Driller: Don Bennett, Russell Speed, Adrian 
Goodreid  
AHD (m): 334.09 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown/yellow loamy sand.  
0.2 Yellow sandy earth. Tertiary sandplain 
2.1 Ironstone pisoliths (small) in a yellow sand/loam matrix.  
3.8 Harder/crunchy ironstone pisoliths, dry & dusty. Ferricrete 
4.1 Silicified sand hardpan – hard & dry. Silcrete 
 Smashed on through silcrete to 5 m.  EOH 
4-5 m sample contaminated with gravels from above. 
 
 *Water injected to try & clear gravels.  
Bore Completion Details 
Depth Drilled (m): 5 Water/Foam/Detergent Injected (m): 5m 
Casing Total Length (m): 5.29 Est. Watertable during drilling (m):   
A.G.L.(m): 0.8 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: 
Material Screened: Sand/gravel layer above 
silcrete 
S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm): 4 1/2 EC (mS/m): Dry 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m):  Dry on 28/5/03 
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Site Details 
Date: 8/5/03 Landform/Unit: 100 m further along in  
stressed/dying trees in upper/mid-slope 
Catchment/Project/Owner: Ian Stanley 
                                           Contour Alleys 
Year Cleared: 1970s 
 Location Number: Ninghan 3304 
Local Bore #: 03IS06 0B GDA94 Northing (m): 6663099.32 
W+R Bore #:  GDA94 Easting (m): 534892.32 
Driller: Don Bennett, Russell Speed, Adrian 
Goodreid 
AHD (m): 332.49 
Depth (m) Sample Description and Drilling Comments Geology  
0 Gravelly, sandy, yellow sandy earth. Tertiary sandplain 
1 Higher proportion of larger ironstone pisoliths.  
2.2 Harder cemented ironstone (ferricrete). Ferricrete 
2.3 Very hard silicified quartz sand – grey dry & dusty. Silcrete 
 Smashed through to 3 m.  
Bore Completion Details 
Depth Drilled (m): 3 Water/Foam/Detergent Injected (m):  
Casing Total Length (m): 3.7 Est. Watertable during drilling (m):   
A.G.L.(m): 0.8 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: 
Material Screened:   Ferricrete above silcrete S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm):  4 1/2 EC (mS/m):  
Casing Type & Diam. (mm):  50 mm Class 9 PVC First SWL (m):  Dry on 28/5/03 
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Site Details 
Date: 15/10/96 Landform/Unit: Hill crest 
Catchment/Project/Owner: Ian Stanley, Goodlands 
Alleys 
Year Cleared: 1966 
 Location Number: Ninghan 3336 
Local Bore #: GD1OB GDA94 Northing (m): 6663704.57 
W+R Bore #: GDA94 Easting (m): 519216.23 
Driller: Russell Speed, Dick Kelly AHD (m): 344.55 
Depth (m) Sample Description and Drilling Comments Geology  
0 Red/brown earthy clay  
1.8 Red/brown clay, with coarse quartz fragments (up to 15 mm) 
in pallid clay.  Alternating white and red colours.  Sand 
(quartz) grains generally 3-4 mm. 
Dolerite/granite ‘edge’ 
7.5 Brown saprolite (micaceous?).  Iron oxide alteration.  
8.5 Pink/brown saprolite.  
9.2 White saprolite. Weathered granitic 
saprolite 
9.7 Earthy brown saprolite.  
10.5 Harder band.  
10.8 Yellow/brown earthy saprolite.  
11.5 Yellow earthy saprolite.  
13 Pallid zone material, fresh feldspars and saprolite grits.  
14 Pink saprolite.  
15 White saprolite  
15.5 Red earthy saprolite, pink and white feldspars, fresh black 
mica. 
 
16.5 Brown micaceous earthy saprolite.  
19 Coarse gritty quartz (to 15 mm) in brown saprolite.  
39 Bit catching, return dwindling, (water injected).  Large quartz 
fragments, suspect close to or on competent basement. 
Fresh granitoid gneiss
Bore Completion Details 
Depth Drilled (m): 39 Water/Foam/Detergent Injected (m): 39 m 
Casing Total Length (m): 38.79 Est. Watertable during drilling (m): 
A.G.L.(m): 0.4,  (0.4), (0.4) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2.95 Estimated Yield: 
Material Screened: Saprock S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m):  2610 
Casing Type & Diam. (mm):  50 mm Class 9 PVC First SWL (m): 31.76 on 26/11/96 
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Site Details 
Date:  5/11/96 Landform/Unit: Upper mid-slope 
Catchment/Project/Owner: Ian Stanley,
 Goodlands Alleys 
Year Cleared: 1966 
 Location Number: Ninghan 3336 
Local Bore #: GD3D + OB GDA Northing (m): 6665033.51 
W+R Bore #: GDA Easting (m): 519534.08 
Driller: Russell Speed, Dick Kelly AHD (m): 319.61 
Depth (m) Sample Description and Drilling Comments Geology  
0 Pale yellow fine sand, moist. Tertiary Sandplain 
6 Watertable in gritty yellow/brown sand. Small ironstone 
pisoliths (4-5 mm) in brown sand.  By 7 m, larger (10 mm) 
pisoliths. 
Ferricrete 
7 Silcrete, hard- changed to rock roller bit. Silcrete 
7.8 Pallid zone, fine quartz 2-4 mm) in earthy white clay. Weathered granitic 
saprolite 
11 Changed back to blade bit.  Gritty light brown slop.  Poor 
return, perched water on silcrete and restriction through 
silcrete combining to block return.  Pulled rods out and 
reamed hole through silcrete. 
 
17.5 Hard basement, crystalline chips, orange quartz and black 
mica.  Suspect no watertable on basement below perched on 
silcrete. 
 
Fresh granitoid gneiss
Bore Completion Details 
Depth Drilled (m): 17.5 (7.05) Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 17.04 (7.35) Est. Watertable during drilling (m): 6 
A.G.L.. (m): 0.3 (0.3) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 1.0 (2.80) Estimated Yield:  
Material Screened:  S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 308 (100) 
Casing Type & Diam. (mm):  50 mm Class 9 PVC First SWL (m): 15.38 (6.36) on 26/11/96 
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Site Details 
Date: 22/10/96 Landform/Unit:  Mid-slope immediately 
below tree bock on sandplain seep. 
Catchment/Project/Owner: Ian Stanley,
 Goodlands Alleys 
Year Cleared: 1966 
 Location Number: Ninghan 3336 
Local Bore #: GD6D + S +OB GDA94 Northing (m): 519801.49 
W+R Bore #: GDA94 Easting (m): 6665670.71 
Driller: Russell Speed, Dick Kelly AHD (m): 314.29 
Depth (m) Sample Description and Drilling Comments Geology  
0 Brown earthy sand. Tertiary Sandplain 
0.3 Earthy yellow sand.  
2.5 Lateritic gravel. Ferricrete 
3 Silcrete. Silcrete 
3.2 Changed bit to rock roller.  
3.5 Lateritic mottling within silcrete (making water).  
3.8 Silcrete. Silicified weathered 
saprolite 
5 Pinky brown, not as hard.  
6.8 Pallid grey saprolite, fine quartz to 2 mm. Weathered granitic 
saprolite 
10.5 Colour change, brown/orange mottled pallid clays.  
11 Water injected.  
13 Cream saprolite.  
14 Orange – mottled saprolite clays.  
14.7  White return.  
16.5 
17 
24 –26 
Orange 
Gritty, saprolite grits, fresh white feldspars. 
Fine quartz and black minerals EOH 
 
Fresh granitoid gneiss
Bore Completion Details 
Depth Drilled (m): 26, (5.0), (3.0) Water/Foam/Detergent Injected (m):  11 m 
Casing Total Length (m): 26.28, (5.17), (3.33) Est. Watertable during drilling (m):     
A.G.L.(m): 0.4,  (0.4), (0.4) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2,  (1), (1.48) Estimated Yield: 
Material Screened: Saprock  (Silcrete), 
(Ferricrete overlying silcrete) 
S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 964, (333), (168) 
Casing Type & Diam. (mm):  50 mm Class 9 PVC First SWL (m): 10.08, (1.93), (2.93) on 26/11/96 
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Site Details 
Date: 24/10/96 Landform/Unit:  Lower-slope (between 
sandplain seep and break of slope). 
Catchment/Project/Owner: Ian Stanley,
 Goodlands Alleys 
Year Cleared: 1966 
 Location Number: Ninghan 3336 
Local Bore #: GD7D + OB GDA94 Northing (m): 519233.09 
W+R Bore # GDA94 Easting (m): 666459.80 
Driller: Russell Speed, Dick Kelly AHD (m): 306.81 
Depth (m) Sample Description and Drilling Comments Geology  
0 Yellow/brown earthy sand Tertiary sandplain 
1.2 Ironstone pisoliths gravels (20 mm) in red/brown earth Ferricrete 
1.8 Grey/brown gritty clay  
2.0 Red/brown earth  
2.2 Silcrete.  Pinky brown with cemented quartz fragments 2-4 
mm.  Some red mottling.  Appears to be cemented saprolite? 
Hard, changed to rock roller bit at 2.5 m. 
Silcrete 
3.1 White silcrete  
3.2 Saprolite.  Pallid clay with fine quartz (2-3 mm).  Changed to 
blade bit at 5 m.   
Weathered granitic 
saprolite 
10 Making water.  
10.5 Very hard pallid saprolite.  
13 Water injected to get return.  
15.9 Hard basement rock. Fresh granitoid 
gneiss 
Bore Completion Details 
Depth Drilled (m): 15.9  (11.0) (3.0) Water/Foam/Detergent Injected (m):  13 m 
Casing Total Length (m): 16.1, (11.28) Est. Watertable during drilling (m): 
A.G.L.(m): 0.3, (0.3) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 1, (3.65) Estimated Yield: 
Material Screened: Saprock  (saprolite) S.W.L. at Completion (m):                                     
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 1510, (2340) 
Casing Type & Diam. (mm):  50 mm Class 9 PVC First SWL (m): 3.94, (3.99) on 26/11/96 
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Site Details 
Date: 225/10/96 Landform/Unit: Lower-slope, break of slope. 
Catchment/Project/Owner: Ian Stanley,
 Goodlands Alleys 
Year Cleared: 1966 
 Location Number: Ninghan 3336 
Local Bore #: GD8D +OB GDA94 Northing (m): 519130.22 
W+R Bore #: GDA94 Easting (m): 6666929.96 
Driller: Russell Speed, Dick Kelly AHD (m): 302.02 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown sandy loam Tertiary sandplain 
0.3 Ironstone pisolith gravels (20-30 mm) in red/brown earth. Ferricrete 
1.4 Grey clay.  
1.6 Silcrete.  Layered with minor softer zones. Silcrete 
2.2 Red/brown silcrete.  
2.5 Water within silcrete.  
2.6 Change to rock roller bit.  
4.0 Silicified pallid saprolite. Silicified saprolite 
5.0 Soft fine grained pallid saprolite (quartz 1-2 mm). Weathered granitic 
saprolite 
6.3 Orange/brown band  
6.8 Hard band.  
7.0 Orange, possibly mottling.  
7.6 Orange and white banding.  
9.9 Pale greenish yellow.  
10.6 Orange.  
11.0 Water injected to get return.  
11.5 Basement.  Fine grained white granite. Fresh granite 
Bore Completion Details 
Depth Drilled (m): 11.5 (3.16) Water/Foam/Detergent Injected (m):  11 m 
Casing Total Length (m): 11.08, (3.46) Est. Watertable during drilling (m):     
A.G.L.(m): 0.4,  (0.3), (0.3) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2, (1) Estimated Yield: 
Material Screened: Saprock  (Silcrete) S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 902, (513) 
Casing Type & Diam. (mm):  50 mm Class 9 PVC First SWL (m): 2.43, (2) on 26/11/96 
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Site Details 
Date: 25/10/96 Landform/Unit:  Valley floor. 
Catchment/Project/Owner:  Ian Stanley,
 Goodlands Alleys 
Year Cleared: 1966 
 Location Number: Ninghan 3336 
Local Bore #: GD9D + OB1 +OB2 GDA94 Northing (m): 519058.39 
W+R Bore # GDA94 Easting (m): 6667323.01 
Driller: Russell Speed, Dick Kelly AHD (m): 300.18 
Depth (m) Sample Description and Drilling Comments Geology  
0 Red/brown loamy clay. Alluvial overburden. 
0.5 Red/brown sandy loam.  
1.2 Grey brown gritty clay.  
2.5 Harder red band.  
2.6 Grey clay  
2.8 Red bands and becoming harder.  
3.0 Silcrete.  Changed to rock roller.  Iron stained silcrete.  Making 
water from 3.1.  Appears layered, some banding. 
Silcrete. 
4.3 Ironstone/iron oxide bands.  
8.0 Pallid saprolite, quartz grains 3-4 mm. Weathered granitic 
saprolite 
8.7 Red.  
9.0 Orange/brown.  
9.1  Creamy white.  
12.5 Orange.  
22.5 Blue micaceous schist.  Numerous harder patches. Large 
crystalline fragments in return (20 mm).  Micas, feldspars, 
quartz in a black schist. 
 
27.5 Hard.  
Bore Completion Details 
Depth Drilled (m): 27.6 (5.17), (2.95) Water/Foam/Detergent Injected (m):  11 m 
Casing Total Length (m): 27.89, (5.47), (3.25) Est. Watertable during drilling (m):     
A.G.L.(m): 0.3,  (0.3), (0.3) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2,  (2), (0.7) Estimated Yield: 
Material Screened: Saprock  (Silcrete), 
(Overburden) 
S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 4510, (4300), (3460) 
Casing Type & Diam. (mm):  50 mm Class 9 PVC First SWL (m): 1.96, (1.93), (1.93) on 26/11/96 
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Site Details 
Date:  8/5/03 Landform/Unit: Mid-slope 
Catchment/Project/Owner: Ian Stanley,
 Goodlands/Russell’s Site 
Year Cleared: 1966 
 Location Number: Ninghan 3336 
Local Bore #: 03GD19 D + S GDA94 Northing (m): 6665020.55 
W+R Bore # GDA94 Easting (m): 520099.44 
Driller: Don Bennett, Russell Speed, Adrian 
Goodreid 
AHD (m): 325.71 
Depth (m) Sample Description and Drilling Comments Geology  
0 Yellow/brown sandy earth, quite moist. Tertiary Sandplain 
1.5 Ironstone pisoliths.  
3.4 Hard layer of ferricrete. Ferricrete 
4.4 Grey, very hard silicified sand, silcrete, dry & dusty. Silcrete 
3.6 Softer, gravels again, quite moist.  
6.0 Pink layers.  
6.8 Grey/white again, very hard. Silicified weathered. 
9.8 Deep red ironstone pisoliths in a slightly indurated – grey clay 
matrix – soft. 
Weathered granitic 
saprolite. 
11.1 Typical PZ clays now – moist (not saturated).  
12 Getting gravel contamination from above (9.8?).  
14 Turned slightly olive coloured.  
16 Light brown – small sharp quartz & soft feldspars in a light 
brown clay matrix. 
 
20 Losing air, water injected (3 m samples).  
23 Large (25 mm) chips of hard feldspar – starting to “crunch”. Fresh granitoid gneiss
31 Hard basement – large quartz & feldspar, mica – 
gneissic/altered granite. 
 
Bore Completion Details 
Depth Drilled (m): 31  (3.6) Water/Foam/Detergent Injected (m):   20-31 m 
Casing Total Length (m): 29.18  (3.90) Est. Watertable during drilling (m):    20 
A.G.L.(m): 0.3  (0.3) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2  (1.7) Estimated Yield: 
Material Screened: Saprock  (Ferricrete overlying 
silcrete) 
S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 1336, (dry) 
Casing Type & Diam. (mm):  50 mm Class 9 PVC First SWL (m): 19.04, (dry). 
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6.2 EC1:5, EM39 and Gamma profiles 
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6.3  Bulk soil sample analyses 
Bore name Depth EC1:5* pH 1:5 Cl% Average EM39 
 (m) (mS/m) (water) (titration #) (quadrature, mS/m) 
03IS01D Surface 5 4.4 0.001  
03IS01D -1 5 4.1 0.001 4 
03IS01D -2 4 4.3 0.001 4 
03IS01D -3 2 6.0 0.001 6 
03IS01D -4 3 6.0 0.001 7 
03IS01D -5 4 5.2 0.001 5 
03IS01D -6 2 5.7 0.000 5 
03IS01D -7 2 5.5 0.001 6 
03IS01D -8 13 5.0 0.016 20 
03IS01D -9 15 5.0 0.018 55 
03IS01D -10 22 5.0 0.025 95 
03IS01D -11 46 4.7 0.056 134 
03IS01D -12 64 4.5 0.093 136 
03IS01D -13 47 4.7 0.054 135 
03IS01D -14 40 5.0 0.045 95 
03IS01D -15 45 4.9 0.055 80 
03IS01D -16 71 4.7 0.096 76 
03IS01D -17 63 4.7 0.075 87 
03IS01D -18 56 4.7 0.063 78 
03IS01D -19 41 4.8 0.044 58 
03IS01D -20 34 5.0 0.043 36 
03IS01D -21 63 4.8 0.077 57 
      
03IS02D Surface 4 4.4 0.001  
03IS02D -1 3 4.6 0.001 5 
03IS02D -2 4 4.6 0.001 4 
03IS02D -3 2 6.7 0.001 6 
03IS02D -4 4 6.7 0.001 10 
03IS02D -5 2 7.2 0.000 12 
03IS02D -6 6 7.2 0.002 10 
03IS02D -7 22 6.5 0.026 14 
03IS02D -8 46 6.2 0.056 55 
03IS02D -9 41 6.1 0.053 85 
03IS02D -10 39 6.0 0.051 83 
03IS02D -11 40 6.0 0.052 92 
03IS02D -12 37 5.8 0.046 98 
03IS02D -13 40 5.7 0.048 98 
03IS02D -14 42 5.7 0.052 86 
03IS02D -15 41 5.6 0.055 90 
03IS02D -16 42 5.5 0.060 108 
03IS02D -17 40 5.7 0.053 119 
03IS02D -18 42 5.5 0.053 99 
03IS02D -19 51 5.5 0.071 87 
03IS02D -20 39 5.6 0.049 84 
03IS02D -21 37 5.7 0.051 75 
03IS02D -22 42 6.0 0.049 68 
03IS02D -24 28 6.5 0.030 140 
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Bore name Depth EC1:5* pH 1:5 Cl% Average EM39 
 (m) (mS/m) (water) (titration #) (quadrature, mS/m) 
03IS02D -26 30 7.0 0.031 137 
03IS02D -29 25 7.2 0.032 101 
03IS02D -32 20 7.6 0.025 103 
03IS02D -35 31 8.0 0.037 34 
      
03IS03D Surface 11 4.9 0.011  
03IS03D -1 23 6.8 0.020 12 
03IS03D -2 7 8.0 0.004 23 
03IS03D -3 15 7.2 0.006 21 
03IS03D -4 10 7.2 0.010 12 
03IS03D -5 25 7.5 0.031 29 
03IS03D -6 27 7.6 0.031 64 
03IS03D -7 23 7.6 0.028 88 
03IS03D -8 26 7.8 0.030 106 
03IS03D -9 28 7.8 0.034 120 
03IS03D -10 31 7.8 0.037 134 
03IS03D -11 62 7.6 0.084 134 
03IS03D -14 97 7.3 0.137 81 
03IS03D -17 93 7.2 0.126 181 
03IS03D -20 74 7.0 0.117 183 
03IS03D -23 66 6.3 0.087 154 
03IS03D -26 84 7.3 0.118 82 
      
03IS04D Surface 3 5.2 0.002  
03IS04D -1 12 6.2 0.010 11 
03IS04D -2 7 7.2 0.006 25 
03IS04D -3 7 7.0 0.007 14 
03IS04D -4 9 6.8 0.009 12 
03IS04D -5 20 6.0 0.024 25 
03IS04D -6 26 5.9 0.035 55 
03IS04D -7 31 5.8 0.038 88 
03IS04D -8 35 5.8 0.046 94 
03IS04D -9 29 5.9 0.038 80 
03IS04D -10 30 5.8 0.041 79 
03IS04D -11 35 6.0 0.052 82 
03IS04D -14 42 6.1 0.051 78 
03IS04D -17 54 5.9 0.076 113 
03IS04D -20 58 6.0 0.075 81 
03IS04D -23 64 6.2 0.069 74 
03IS04D -26 52 6.0 0.074 54 
03IS04D -29 50 6.1 0.060 113 
      
03IS05D Surface 3 4.5 0.002  
03IS05D -1 3 4.6 0.001 4 
03IS05D -2 3 5.1 0.001 4 
      
03IS06D Surface 3 4.9 0.001  
03IS06D -1 3 5.1 0.002 4 
03IS06D -2 4 6.7 0.001 5 
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Bore name Depth EC1:5* pH 1:5 Cl% Average EM39 
 (m) (mS/m) (water) (titration #) (quadrature, mS/m) 
03IS06D -3 3 6.3 0.001  
03IS06D -4 4 7.0 0.002  
03GD19D Surface 3 4.5 0.001  
03GD19D -1 3 4.5 0.001 4 
03GD19D -2 2 5.6 0.000 4 
03GD19D -3 2 6.0 0.000 3 
03GD19D -4 2 6.7 0.001 7 
03GD19D -5 2 7.6 0.001 9 
03GD19D -6 2 7.9 0.001 10 
03GD19D -7 3 7.6 0.002 9 
03GD19D -8 4 7.2 0.002 12 
03GD19D -9 5 7.5 0.003 19 
03GD19D -10 34 6.9 0.045 37 
03GD19D -11 73 7.3 0.111 104 
03GD19D -12 62 7.2 0.080 183 
03GD19D -13 56 7.5 0.067 180 
03GD19D -14 44 7.6 0.060 148 
03GD19D -15 43 7.8 0.053 107 
03GD19D -16 44 7.9 0.055 92 
03GD19D -17 47 7.9 0.046 100 
03GD19D -18 49 7.6 0.064 109 
03GD19D -19 46 7.9 0.062 122 
03GD19D -20 55 7.9 0.067 118 
03GD19D -23 18 7.6 0.020 132 
03GD19D -26 22 7.5 0.031 88 
* Where EC1:5 <20 mS/m, analysis used colorimetric procedure on 1:5 extracts 
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6.4 Comparison of EC1:5 and EM39 
y = 1.9831x + 5.3735
R2 = 0.712
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